Strabismus and amblyopia were studied in a cohort of children born in 1979 or 1980 in the area of Viisterias, Sweden. Forty percent of the children had participated in a voluntary eye examination at 1 year of age. All children diagnosed as strabismic and/or amblyopic between 1979 and 1988 at any of the three eye clinics in the area were included in this study. Strabismic cases were mostly detected by the parents while microstrabismus and straight eye amblyopia were found at the general 4 years of age screening at children's health centres. In 57 cases with (n=31) and without amblyopia (n=41) it was possible to obtain several refraction values between 1 and 6 years of age. In this study we concentrated on manifest esotropia and exotropia. The aim of the study was to describe changes of refraction before and after onset of strabismus 
children had participated in a voluntary eye examination at 1 year of age. All children diagnosed as strabismic and/or amblyopic between 1979 and 1988 at any of the three eye clinics in the area were included in this study. Strabismic cases were mostly detected by the parents while microstrabismus and straight eye amblyopia were found at the general 4 years of age screening at children's health centres. In 57 cases with (n=31) and without amblyopia (n=41) it was possible to obtain several refraction values between 1 and 6 years of age. In this study we concentrated on manifest esotropia and exotropia. The aim of the study was to describe changes of refraction before and after onset of strabismus and to establish risk indicators that identified populations at risk of developing strabismus. We found that patients with esotropia show a more pronounced hypermetropia than exotropic cases at the time of detection of strabismus. This difference becomes more definite over time, since hypermetropia increased in the deviating eye in the esotropic cases while refractive errors remained stationary in most of the exotropic eyes. It was also apparent that anisometropia frequently developed after onset of strabismus in esotropic cases in contrast to exotropic cases. An increasing refractive error in the deviating esotropic eye could be combined with an emmetropisation of the fixating eye.
(BrJ7 Ophthalmol 1992; 76: [723] [724] [725] [726] [727] During the past two decades there has been a focus of interest on the changes of refraction during infancy and childhood. Previously it was believed that infants were hypermetropic at birth and that there was a decrease in hypermetropia during infancy and childhood. Later it was determined that as many as 20% of the newborn are myopic. Other studies have shown that after the infantile period (at 1 or 2 years of age) most children are hypermetropic.'3 From the age of approximately 1 year there is a decrease in refractive errors, especially in the amount of astigmatism.3-5 These data together with other studies indicate that there are considerable changes in refraction during the first years of lifei. -8 One reason for this growing interest is the possibility of using refractive errors as risk indicators useful in screening programmes for young children in order to prevent amblyopia and squint. Knowledge of potentially dangerous refractive anomalies is necessary in order to define the population at risk. The high variability of the individual refraction during early childhood complicates the determination of risk indicators. Age becomes an essential factor for evaluation ofwhen a refraction error is potentially detrimental for visual development.
In-this study we were interested in the refractive changes of children who develop strabismus. In patients with convergent strabismus we have known that there is a relationship to hypermetropia since 1864 when Donders presented his publication 'On the anomalies of accommodation and refraction of the eye.' This has later been confirmed by several studies (cf Duke Elder).9 The longitudinal changes of refraction in esotropic individuals have also been studied,"'-'2 and one study has examined refractive changes before the onset of strabismus." Though these studies9-" all found a high hyperopia in most cases with esotropia it is still difficult to determine a refraction limit at any particular age that separates potentially esotropic children from normal ones.
In divergent strabismus, early studies by Donders indicated an association with myopia. This relationship was questioned however at the beginning of this century.9 There seems to be a portion of myopia among the exotropic children but the majority are hypermetropic at onset.
The aim ofthis study was to compare refraction changes in children with manifest esotropia or exotropia compared with the development of the refractive errors in normal children. We also wanted to examine refractive changes before and after the onset of the strabismus to detect whether abnormal refractive behaviour could be used as an indicator for pointing out patients at risk of developing strabismus and/or amblyopia.
Methods

SUBJECTS
Refraction data for the study were obtained by combining two different studies. In the first we examined, motility, fixation, refractive errors, and heredity of 9000 children at 1 year of age.
These children took part in a voluntary ophthalmic examination (1971-81). The examination was offered through children's health care centres to all children in the city of Vasteras, Sweden. Approximately 50% of the children born in the area took part in the examination.
In the second study we scrutinised the hospital files of all children born between 1979 and 1980 who visited one of the three ophthalmic clinics in the city of Vasteras, Sweden, during the 1980s. We found 715 cases that for some reason visited an eye clinic before 8 years of age. There were a In this study we describe refraction and refraction changes and their significance in patients with manifest strabismus. The reliability of the data depends on the accuracy of the refraction data and ability of the screening programme to detect patients with amblyopia and strabismus and refer them to an eye clinic. In our earlier studies all refraction determinations have been done by one ophthalmologist (GF) with much experience of refraction determination in young children.I'3''4 All refraction measurements with young children were performed by GF while some refraction data in older children were obtained from several other ophthalmologists at different eye clinics. We are aware of the problem of having several ophthalmologists involved and have tried to minimise the effects.
We have chosen to follow longitudinal changes in refraction from 1 to 4 years in the majority of cases. The reason for choosing 4 years as an endpoint is that we have a general health screening in Sweden at the age of 4 years. More than 95% of all children take part in that screening. Studies indicate that most amblyopic The first criterion means that a child will have his visual acuity tested four times before he or she is classified as amblyopic if referred from the general health screening programme. Children referred from sources outside the screening programme pass two visual acuity tests or more before they are classified as amblyopic. The amblyopic cases (n= 126) were classified into Age (years) Figure 2 The age at which strabismus is diagnosed by an ophthalmologist is presentedfor all children born in 1979 or 1980 and visiting an eye clinic in the city ofVasterds, Sweden. Figure 1 the age at detection of amblyopia is presented. The cases identified earlier than 4 years of age usually have large angle strabismus or amblyopia caused by visual deprivation (that is, infantile cataract, ptosis). The detection pattern of strabismus is different (Fig 2) . The age of detection is evenly distributed between 1 and 4 years. The screening programme identifies undetected microstrabismic cases while cases with manifest large angle strabismus are identified by the parents. These cases are referred by the children's health centre to an ophthalmologist shortly after onset of the strabismus. In Table 1 patients found in hospital files, and as a percentage of all children born in the area. Approximately 75% of all cases with strabismus were classified as exotropia or esotropia. Infantile, paralytic, and microstrabismus represented approximately one quarter of all strabismus diagnoses. The ratio between number of cases with convergent and divergent strabismus was approximately 2: 1.
REFRACTION AND REFRACTION CHANGES
For the study of refraction we have concentrated our analysis of the refraction changes with time in cases with manifest esotropia and exotropia (n=62, Table 1 ). No cases of infantile strabismus (detected earlier than 9 months of age), paralytic strabismus, microstrabismus, or predominantly intermittent strabismus were included. The age at detection of the two types of strabismus is presented in Figure 3 . The onset of esotropia and exotropiais distributed differently. Most (:95%) esotropic cases are detected between 1 and 4 years of age while more than 40% of the exotropic cases are detected later than 4 years of age.
At the time of detection of strabismus, astigmatism (-1-0 D) is common (29% of all cases) in both eyes in both convergent and divergent strabismus while anisometropia is more uncommon in both esotropia and exotropia (esotropia n=5/41; exotropia n=3/21). The distribution of the refractive error (spherical equivalent) in the deviated eye at detection, however, is different between the two groups of strabismus (Fig 4) . More than 60% of the esotropic patients have a hypermetropia that is more than 2 dioptres in the deviating eye at the date of detection while we found no case with myopia in this group. It is notable that in seven (18%) of the esotropic cases the refractive error was less than 1 dioptre in any meridian. In exotropia larger refraction errors are more 5. Refractive changes (dioptres) Figure 5 The longitudinal changes in refraction ofthe deviating eye ofchildren with manifest esotropia and exotropia respectively. The refraction changes are calculated as spherical equivalent at 4 years ofage minus spherical equivalent at I year ofage.
Refractive errors (dioptres) In order to study differences of refractive errors in the deviating eye at onset two age groups were compared: children younger than 36 months at onset (but older than 9 months) and older than 36 months. No significant difference in the distribution of refractive error in convergent or divergent squint respectively could be found for the two age groups. The same differences between exotropia and esotropia as described above were thus found in both age groups.
The refractive changes between 1 and 4 years of age could be studied in 23 cases with nonalternating strabismus, 14 esotropic (14/41), and nine exotropic (9/21) patients (Fig 5) . At 1 year of age one esotropic and two exotropic patients are myopic and five esotropes and three exotropes had a hypermetropia greater or equal to 3 5 D in the most hypermetropic meridian in any eye. The majority of the esotropic patients (10/14) show an increase in hypermetropia :0 5 D in the strabismic eye during the period from 1 to 4 years. Increasing hyperopia could be identified both before and after the detection of the esotropia in more than 50% of the deviating eyes while in several cases there was an emmetropisation or at least a decreasing hypermetropia in the fixating eye. In the esotropic patients anisometropia developed owing to this difference in behaviour between the eyes. At 1 year of age as well as at onset of the esotropia there is one (1/14) case with anisometropia. One year after onset (11-16 months) 13 ofthe esotropes had developed anisometropia greater or equal to 1 D. Most patients with divergent squint showed small (c0-5 D) or no changes in the refraction in either eye (7/9) . The same process of developing anisometropia as in convergent squint could not be seen.
STRABISMUS AND AMBLYOPIA
The distribution of acuity of all amblyopic eyes is presented in Table 2 . We used the amblyopia definition presented in the Methods section and classified the patients into different groups according to the severity of the visual loss. In more than 50% of the cases with amblyopia the visual acuity in the amblyopic eye was better than 0 5. When we combine the distributions of amblyopia and strabismus (Tables 1 and 2) in the whole population we found that in our estimation of distribution 2-7% of all children had strabismus and 4-2% had amblyopia, while the percentage with both amblyopia and strabismus was 1-4%.
Amblyopia was present in 53% of all the cases with manifest strabismus (42/80) while patients with squint represented 33% of all amblyopic cases (42/126). When we study only severe amblyopia (VA <0 2) the relationship between amblyopia and strabismus is much more pronounced: 72% of the patients with severe amblyopia were also squinting (8/11). The distribution of convergent and divergent strabismus into different amblyopia categories was very similar. Approximately 20% in both groups of strabismus developed severe amblyopia (VA <0 2). The same was true for microstrabismus while all cases of paralytic strabismus presented with amblyopia of a low magnitude (VA >0 5). The number of patients is small so these data can suffer from random errors. The treatment for amblyopia was unsuccessful in six cases out of 80 (7 5%) with strabismus. Unsuccessful means a difference in acuity of two rows or more after the conclusion ofthe occlusion treatment. Five of the cases who remained amblyopic despite treatment had convergent squint, and in only one case was a divergent squint present. That child also had nystagmus. Among the five children with esotropia and amblyopia persisting after treatment two cases had severe amblyopia.
Discussion
There is a limited knowledge of the causes of manifest squint. However, in some cases the general mechanisms that produce the squint are known. Brain damage, neuromuscular anomalies, and abnormalities of the fusion mechanism are related to motor problems that can cause squint. Strabismus can also be caused by mechanical factors in the orbit. Finally there is an established relationship between accommodation, refraction, and concomitant squint. Several studies have pointed out that hypermetropia and anisometropia are overrepresented in cases with convergent squint." 12 In our study we found that almost two thirds of the esotropes had hypermetropia (spherical equivalent) -that is, over 2 D in the deviating eye -whereas only 7% had anisometropia at onset. The relationship between hyperopia and esotropia is most probably causal in many of the cases. There is a plausible aetiological connection through accommodation and the strabismus may be cured by correcting the refraction error.
The relationship between ametropia and the development of strabismus is discussed in most textbooks. Both anisometropia and hypermetropia, as well as pronounced astigmatism, have been said to trigger the development of strabismus owing to disturbances of fusion. More recent studies'7 have pointed out meridional hypermetropia of +3 35 or more in a child at 1 year of age as a useful risk indicator both for amblyopia and strabismus. In our study we found that five of 14 cases with esotropia had a hypermetropia of +3 35 or more at 1 year of age. This number has increased to seven of 14 esotropes at onset of the strabismus. The connection between age and refractive error has proved to be ever more interesting, since there is a high variability and change in refraction during the first years of life.' 3 ' lX" In earlier studies we found that in certain cases more than 4 dioptres of astigmatism and anisometropia may disappear during the period 1 of 4 years.313 14 In this study we found that most of the children before onset of their convergent squint had a hypermetropia of >2 D or more in the deviating eye at 1 year of age while it was uncommon with hypermetropia -2 D at the same age in the deviating eye in cases with future divergent squint. In a normal control eye the refractive error should have decreased to 1-1 5 D at the age of 4 years. Studying the refractive error at 4 years we found a very limited decrease in refraction of the deviating eye of both groups (Fig 5) . Among the convergent squinters there was even an increase in the refractive error in most cases, with as much as 2 75 D in one case. If esotropia was characterised by an increasing refractive error divergent squint was characterised by a lack of emmetropisation of the deviating eye. In most of the exotropic cases there was no change in refraction at all during the test period of 1 to 4 years.
A most interesting finding was that some esotropic cases developed anisometropia after the onset of the strabismus. Seven percent of the esotropes had anisometropia at onset which could be compared with the 10% we found for the whole population at that age level'3 (and unpublished data). Among the 14 esotropic cases which could be followed with respect to refraction between 1 and 4 years one case had anisometropia at onset of strabismus. At 1 year after (11-16 months) onset 13 of 14 children had developed anisometropia. This tendency to develop anisometropia following onset in esotropic patients can also be seen in other studies of longitudinal changes in refraction in the deviating eye before and after onset of strabismus.'01" In our study anisometropia was found in all but one case of convergent strabismus at 1 year after the onset of the squint. Detailed study of the refractive changes indicates that the anisometropia is created owing to the fact that the fixating eye is emmetropising, while this process is interrupted in the deviating eye. We even found increasing refractive errors in the deviating eye. Data from Aurell and Norrsell" indicate disturbances in the emmetropisation process in both eyes before the onset of the esotropia in children with a family history of strabismus. Since our data are collected without a specific time schedule for the testing it is impossible to calculate any mean difference in time between the onset of strabismus and the onset of anisometropia. Among the patients with divergent squint no case could be demonstrated with anisometropia developing after the onset of the squint.
In a study of the relationship between refraction and amblyopia'4 we found that an increasing refractive error between 1 and 4 years of age was related to the development of amblyopia in cases without deviation. The same seems to be true for the development of convergent strabismus. In this study we found that no child developed esotropia which had a decreasing refraction in the deviating eye before onset. Development of esotropia without anisometropia at onset was the most common finding. After onset we found cases with anisometropia and esotropia without amblyopia but no case with amblyopia and esotropia without anisometropia among those cases longitudinally followed. It is known that one can have anisometropia and amblyopia without esotropia. From those findings one may conclude that both esotropia and amblyopia are strongly associated with anisometropia; the combination of these particular conditions has the potential to cause anisometropia.
In divergent squint refraction seems to be neither a cause nor a risk indicator. We found no relationship between refraction and refraction changes and the development of divergent strabismus.
In conclusion, there is evidence that convergent and divergent squint are caused by different mechanisms. Refraction changes between 1 and 4 years of age characterised by failure of emmetropisation are observed both in cases developing convergent strabismus or amblyopia without any deviation. Anisometropia is mainly a secondary phenomenon in convergent squint while it can be a primary condition in divergent squint. 
